Lecture to the conference on Leisure Qpportunities, London 1989
"EXTENDI NG THE HUVAN EXPERI ENCE. "

| shall begin by quoting Sanuel Johnson, who in 1773 said "Al
intellectual inprovenent arises fromleisure."
In this presentation | would |ike to suggest three things:-

First, Every human being is insatiably curious: secondly that

Sinmulation technology is a new, safe and profitable way to
meet that human need: and thirdly that you should not consider
simulation as a "fairground ride" but as a whole new way of
creating enjoynent in the |eisure industry.

The Drive to Explore

W all have a deep-seated and unconscious drive to explore our
environment and for nost people this is denied them in their
everyday work. Leisure tinme therefore is seized upon as a tine
to nmake up for Ilost opportunity, to break from a routine
environment, to explore and to play in the full sense of the
wor d. This is true for every leisure activity; for exanple
| eisure travel is a deliberate seeking out of new environnents,
new sounds, new views, new tastes and encounters wth new
peopl e. Sporting activities represent constant effort to
exceed one's previous best sporting achievenents, to set one's
self against new people, to enploy new techniques and to try
one's skill in new environnents. The enjoynent of art consists
in the seeking out of new sensations, the exploration of new
ideas and the finding of new ways of l|ooking at the world
around us.

The general public may not be consciously aware of their in-
built drive but nevertheless they are always attracted to
sonmet hing new, something which is in sone way "better" than
t hey have previously known and they are always attracted to a
different presentation, even of old ideas, because they
represent in this context "sonething new'.

The fundanental need which every part of the |eisure industry
sets out to nmeet is the need to extend the human experience
Simul ati on represents a very powerful way of doing just that.

Wiy | nmake Sinulators

| built ny first sinmulator 20 years ago. Actually I built two,
which were the air intake simulators for Concordes 001 and 002,
the French and British prototypes respectively. The
significant thing, of course, is that Concordes 001 and 002 did
not actually have Air intakes of the type which were used on
al |l subsequent Concordes. The two prototype machines had jet
engi ne intakes which were of fixed configuration, whereas on
the later machines the area of the intake and the relative
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proportion of the intake air which was fed into the engine at
different altitudes and under different flight conditions was
variable. On the first Concordes it was not and in order to
check out the control systens it was necessary to sinulate
these air intake mechani sns. | built bits of mnachinery and
el ectronics which, as far as the Concorde control systens were
concerned, behaved exactly as the variable air intake doors
were going to behave on future Concordes; the control system
could not tell the difference between ny air door sinmulator and
a real air door. | created a fantasy air door. | fooled the
electronics into thinking that reality was changed. That' s
what all simulators do.
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Ten years later | built a very large and conplicated sinul ator
for Marconi at Stannore which was designed to do a simlar
thing for various types of electronic warfare equipnent. | f
you do not know what electronic warfare is about then in sinple
terns I will say that it is a game of H de and Seek, a sort of
chess ganme played between conputers and m crowave equi prment at
extrenmely high speed and therefore without the intervention of
any human being at the tinme of the (bloodless) battle. Radars
and janm ng equipnent try to outwit each other as an aircraft,
for exanple, cones streaking in across eneny territory whilst
the eneny tries to get a fix on the aircraft and fire off guns
or mssiles to knock it out of the sky. |If the jamer w ns the
battle the aircraft will survive; if it loses the aircraft is
dooned. The electronic warfare simulator is used to test to
the limts the efficiency of the jammng equipnment and the
cl everness of the programmers who bury into the software of the
computing systens all the strategies which can be adopted
against all the counter strategies known to be possible within
the physical Iimts of the eneny m crowave equi prnent.

The problem of course that everything happens at high speed, is
very conplex and quite invisible and so it is incredibly
difficult to follow the sinmulation, to wunderstand what is
happening, who is winning, who is losing, and why. | ask you
to renenber in any case that the whole thing is imaginary. It
is a sinulation, and it is designed to convince the software in
t he equi pment under test that it is not sitting in an anechoic
chanber in a steel lined building at Stannore but it is fixed
to an aircraft streaking in at Mach 1 50 feet above the ground
agai nst a densely defended target thousands of mles away.

The nost interesting thing is that everything is invisible and
inaudible to the test engineers. | therefore decided that, so
that they could have sonme idea of what was going on as the test
proceeds at breakneck speed, that | would transformthe signals

into visible imges which could be shown on a TV screen. In
effect | decided to give the test engineers a view of the
simul ated m crowave world seen by the mcrowave sensors in the
attacking aircraft. | used sone very large conputers for this

wor k, sone of which were nore powerful than the Cray 1 Super-
computer and | made ny first encounter with Conputer GCenerated
| magery.

| was astounded at the effect of this sinmulation on ny basic
human enotions and the effect on the enotions of RAF pilots and
senior mlitary personnel who watched the displays on the TV
screen. Clearly, they were fascinated and found thenselves
caught up in what they saw. | resolved that | would find sone
way to let the general public experience this sort of
fasci nation.

| left Marconi and set up a conpany which built its first
simulator in 1985. | am pleased to acknow edge the co-
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operation of ny erstwhile coll eagues and of the Marconi Conpany
itself in assisting nme to nmake the first Super X simulator a
reality.

© Copyri ght Denne Devel opnents Limted



What is a Leisure Sinulator?

The present generation of Super X machines consists of snall

cinemas in which a group of people watch a projected tel evision
display and listen to a soundtrack whilst the whole cinem
noves on a hydraulic notion base. It sounds sinple but | am
pleased to say that it is not; there are many critica

subtleties which have to be learned and rigorously applied
before the sinple concept conmes to life. M financial backers,

the Leading Leisure Goup, have supported a very substanti al

investnent in Research and Developnment and in Production
Engi neering for these machi nes.

| f you have seen a simulator working from the outside you wll
see that it weaves and dodges about through small angles of
pitch and roll and it also bobs up and down a few inches in a
seem ngly - random conbi nati on of novenents. | assure you that
when you get inside the effect is quite extraordinary and
wi thout giving away too many secrets about how the trick is
done | can say that it is highly dependent upon the total
exclusion of the external world. Fromthen on it depends upon
Einstein's First Principle of General Relativity. Thi s says
that, in a closed environnent, it is inpossible to tell the
difference between gravitational and inertial forces - in
short, you do not know which way up you are if you get |ots of
other signals to your senses which tell you that "down" is not
in the direction you thought it was. Finally, sinulation works
because your body is designed so that it ignores a steady speed
in any direction and it even ignores a steady acceleration
after the first fraction of a second. Al'l these things taken
together nake it possible for conputers progranmed by a trained
"simulation choreographer” to persuade the occupant of a
simulation capsule which noves a few inches that he/she is
swooping violently around the sky, racing around the Isle of
Man on a notorbike, Skiing in the A ps, Rushing through a
canyon on a raft, or sailing gracefully about in a mcrolight
aircraft.
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Lessons fromthe prototypes

O course | read all the books and talked to all the experts in

the business before | built ny prototypes but nevertheless |
| earned many things the hard (ie very expensive) way. For
exanpl e: -

Technology is not attractive. | was very proud of ny gl eam ng

prototype, its hydraulic valves, its sophisticated el ectronics,
its very expensive software and so on. Billy Chipperfield of
the fanous Chipperfield famly leant over the fence to ne one
day after watching the nmachine for a while and said, very
hel pfully, that as far as he and his friends and relatives in
the fairground trade were concerned at |least they did not mnd
the technology just so long as the nmachine always started on
the button, was easy to maintain and just kept goi ng! To nme a
wel | designed piece of nechanismis a thing of beauty but | do
take Billy's point that the technology is not actually what |
am sel | i ng.

Reality is not wanted. Using the vast conputing resources
avail able to Marconi | was able to produce ny first sinulations
accurately synchronised to a very detailed and exact
computation of the necessary novenents of the sinulator to
reproduce correctly the sensations of flying in the actual
aircraft which was "flown" in the simulation - in this case a
T45 Hawk flown with | ocked rudder.

Wthin a very few days of putting the Super X into operation
the general public forcibly informed ne that, the sensations
were definitely not what they wanted. \Wen the general public
is flying an imaginary plane which banks to the left they
insist on feeling the sensation of slipping dowwards to the
left, for exanple. You and | know that when the aircraft which
we are flying for business or pleasure banks to the left we
decidedly do not want to slip down to the left and our cup of
tea (or glass of chanpagne) does not fall over and the surface
of the liquid remains parallel with the top of the glass. This
is because the aircraft flies in a properly-banked turn, in
which the centrifugal force which throws the aircraft outward
in the turn is always directed vertically downwards through the
floor of the cabin and keeps us firmly in our seats and our

drinks firmy in our glasses. My logical and reasoned
explanation to the dissenting public was swept aside and |
renenbered, of course, that the custoner is always right. The

custonmer now gets what he wants in ny simulators even if it
isn't the world of Euclid, Newton, Einstein et al, to all of
which | have previously |l earned to give the highest respect.

Reliability neans noney. Just under 25 years ago | designed
the Burner Control Systens for all the boilers in several of
Britain's oil burning and coal fired power stations, including
Fawl ey, Penbroke, Isle of Gain, Eggborough, Ironbridge and so
on. | seemto renenber that | was very inpressed that if, due
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to a fault in ny control system a six hundred nmegawatt boiler
was out of action unnecessarily, it cost the CEG £25,000 an
hour in |ost revenue. If one ny sinulators is out of action
today it costs the operator £200 an hour but that is cash,
"real” noney and the nman whose pocket it should be going into
gets very angry. | therefore use the old rule:-

“When in doubt nake it stout, out of things you know about".

W do push the technology all the tine but we nake things as

sinmple as possible and as strong as they need to be and then
Sore.
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Everybody wants a story. The general public does not just want
a few mnutes of exciting reality or even a few mnutes of
reality as they think it ought to be. The pseudo-reality has
to have a story with an unexpected tw st here and there. \%%
very first little simulation, using an aircraft carrier, a bit
of a shoot-up and a very eventful landing attenpt back to the
aircraft carrier, was scripted and constructed in two weeks
flat but it still one of our nost popul ar experiences because
everyone can relate to the story. Stories nust have a
beginning, there nust be a satisfying end, and sonething
interesting has to happen in the mddle.

Musi c sets the nobod. Reality doesn't have any background nusic
but sinulated reality is not good enough unless there is sone
musi ¢ of the right type at the right tine. | am fascinated by
t he psychol ogi cal effect of background music and we even have
one experience which the public like for the music first and
the simulation second. This is our mcrolight experience
filmed in the Autum of 1987 over the Marl borough Downs and it
is this Experience which the Prine Mnister and her party rode

in Australia |ast year. The nusic adds a definite sense of
enjoynent to what mght otherwise be an wunexciting ride.
Mcrolight aircraft, after all, are not rated for their high G
aerobati cs.

| magi nati on needs tine. | tried a nunber of simnmulators
conpletely wunthened in the earlier days and these were a
compl ete flop. I now know that it is necessary to build up a

sense of anticipation in waiting crowds by a nunber of neans,
so that when they finally enter the sinmulator they are prined
to expect the pseudo-reality of the simulation. It is ny view
that the queue for the simulator should nove through a
narrow ng tunnel which gradually obliterates outside reality
and builds up an expectation of the new "reality" which wll
shortly be experienced.
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Key technical devel opnents

My early calculations of the power which would be required to
nove a sinulator properly were very conservative. They were
based on the gentleness of true reality. It turns out that the
general public actually want a nore violent reality which uses
up about twi ce as much power. | was also interested to find
that if | pursued the developnent of the precision of the
machi ne sinultaneously with its power handling capability, |
could achieve the nost extraordinary effects on the human
psyche.

| found that in order to be confortable in this nore violent
environment | had to inprove the quality of the seating and of
other furnishings within the capsule and that this inprovenent
in quality and lighting also added to the feeling of security
and enjoynment of people entering a simulator for the first
tinme.

Finally, | found that there is a constant pressure to enhance
the sound and visual quality of the experience and that this
reflects on the technical capabilities of the audio and video
equi prent used. | do not expect this pressure to ease until
high definition television systens are comonly avail able and
| ow enough in cost to be used in ny simulators.
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Sone I nteresting discoveries

For simulation to work the following features are critically
i mportant: -

Conpl ete isolation is necessary. As | have earlier explained

it is vital that the person who is within the sinmulator has no
idea of his orientation relative to the gravitational vector
and it is therefore necessary to shut off the outside world
conpl etely. There nmust be no windows and no possibility of
seeing the ground outside from peripheral vision. Actually it
goes a lot further than this; no chink of I|ight nust be allowed
to penetrate the capsule to provide any clue as to the nature

and type of novenent which is really being experienced. 1| also
found that any reflecting surfaces inside the capsule interfere
with the illusion that the occupant is part of the picture on

the screen. The noving cinema is matt black to every possible
extrenme to renove every sensation of edge and distance other
t han those seen on the screen.

Tiny novenents are essential. It is not the big heave, pitch
and roll novenments, which can be seen by the outside observer
whi ch cause the nost profound effect on the human psyche. It

is the tiny novenents (sonme of themonly about a millinetre in
stroke) which are synchronised to the fine grain of the
picture and represent things like the road surface or the
scrunch of the snow. These really convince the occupant that
he is no | onger connected to the ground but nmoving swiftly into
the picture on the screen.

Dark rides work. Havi ng toned down any sensation of the rea
worl d as described above and produced an excellent sound track
we found that it is possible to produce an exciting dark ride
with just a few glinpses of sonething nysterious on the screen
fromtinme to tinme to stinulate the imagination. | personally
found this very interesting, since it is part of the deception
process to link small novenents of the sinmulator with nuch
| arger visual cues. However in the case of the dark ride there
are hardly any visual cues and the occupant has to interpret
his sensations in relation to an alternative reality which has
only been very vaguely described! W are |looking into this!

There is a threshold of credibility. Starting fromsone fairly
whi npi sh and unrealistic novenents, if the degree of power and
precision of the sinmulator notion is gradually increased and
| ocked to pictures of better and better quality there is at

sonme stage a "flip" in the mnd of the occupant. U to a
certain degree of precision the occupant is conscious of being
in a simulator. Above this degree of precision sonething like

a survival instinct or a sense of balance kicks into action and
takes over the thought process, concentrating the mnd
intensively on the picture on the screen. The notion is not
perceived as being additional to the picture any nore but the
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picture itself suddenly becones very inportant. Any criticism
of the quality of this picture (eg any sense of the TV lines
and their unreality) is also suspended and the occupant acts as
though in a survival situation

| think this is just what is required of a good sinulation - a
sense of real fear in an absolutely safe environnent.
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The bal ance of fantasy and reality

| have earlier referred to the basic human need to explore and
to play. It is also a basic human drive to imagine, to
fantasise and to escape fromreality if only for a short tine.
An intellectual will express this drive in an interest in the
Arts, in reading and in contenplative thought; but even the
| east intellectual of persons enjoys TV, GCnema and lurid
literature. Everyone needs a way into fantasy and sinulators
are designed to achieve this.

| don't know how many of you have thought about the psychol ogy
of the design of shopping nalls. Wth the present trend to
integrate leisure and retail activities, perhaps nost of you
have.

There are two ways of |ooking at the concept. (oviously where
a crowd has gathered for the serious business of shopping there
is an opportunity to take nore incone from the provision of
| eisure activities. Simlarly the |eisure environnent prolongs
the dwell tinme near the retail outlets and the relaxed
at nosphere reduces the resistance to the sale of |uxury goods.

But there is, | think, a nmuch deeper significance to the design
of shopping nalls. Every effort is nmade to pronote the
sensations of cleanliness, airiness, spaciousness, richness,
warnt h and general pleasantness. The custoner is made to feel
safe and welconme to stay as long as he/she wi shes. Restaurants

provi de food. There are many kinds of entertainnent, |arge
mal I s even include a chapel. Only "decent people with noney”
are allowed into the mall conpl ex. In short the mall is a

futuristic fantasy world, an artificial reality, an escape from
t he i nconveni ent real world outside.

Mal s are very popul ar. | believe they betray a natural w sh
to enjoy an entirely-artificial environnent as a deliberate
experience. | believe that the use of simulation technology to
Create a | ar ge-scal e centre of ot herw se-i naccessi bl e
experiences follows as a |ogical extension of the shopping nall
phenonmenon. There will be Sinulation Centres.
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The application of Simulators

| would like to suggest a nunber of ways in which sinulator
technology can be put to profitable use in leisure projects
They can be used: -

1. To draw a crowd to a wparticular area - as an
attraction. They can be used at exhibitions and they
can be used to bring "life" to a quiet area of any
site.

2. To extract noney froma crowd which has gathered for
anot her pur pose. They can be used in the waiting

areas of airports, on railway stations, show grounds,
shopping malls etc.

3. For anusenent purposes. They are an ideal extra
choice in fairs and anusenent parks, where their
uni que attraction appeals to all the famly at the
sane tine.

4. For advertising. The machine itself is an attraction
which can be decorated wth advertising and the
captive audience within the nmachine is receptive to
advertising on the video screen.

5. For Education purposes. They can be used in nuseuns
to illustrate clearly and in an interesting way
aspects of travel, animal behaviour, the |ocal

envi ronment and so on.
The inportant thing to note is that simulators are equally
attractive to persons of all ages and all ages can ride the
machi ne si mul t aneousl y.

Potential Sites.

Simulators can be wused in a large nunber of different

| ocations. These are:-

Piers and funfairs

Thene Par ks

Museuns

Stately Hones and Safari parks

Amusenent par ks

Caravan parks and canping sites

Exhi biti ons and pronotions

Hot el conpl exes and resident holiday centres

Zoos and Aquari a

10. Shopping malls

11. Leisure facilities and sports centres

12. Mobil e machi nes for seasonal events and shows

13. Airports, railway and coach stations

14. Ferry Termnals

15. Mdtorway service areas

16. Special indoor attractions at city centre sites

17. Goups of simulators may be sold in thened
"simulation centres' as a totally new form of
entertai nment attraction.

CoNoGRwWNE
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Training Applications

Simulators are not all "Ci nemas on hydraulics”. The technol ogy
whi ch has been developed for leisure applications is already
bei ng extended into that of serious training. For this to be
possible it is, of course, necessary for the simulation to
becone interactive - that is to say, what happens to the
participant is strongly determned by the previous actions of
the participant. Instead of sitting in a machine which noves

into a fixed sort of artificial reality, showing for exanple a
filmof an aircraft flight or a notor race, the new generation

of simulators will use high quality conputer-generated pictures
which show the view of an entirely inmaginary situation
according to the precise actions of the occupant. Such

simulators are a sort of "video gane you get into" and | would
like to suggest two or three possibilities:-

1. ol f. It will possible for a golf driving range to
show to each striker the view forward from the
position of the last fall of the ball on any golf

cour se. For exanple, one person may tee off to
nunber one and the conputer will calculate that he
will find hinmself in the rough, so that his screen
changes to show the view towards the hole from the
rough. H s next door neighbour mght have hit the
ball well and be up near the green; he will have a

view from that position; his next nei ghbour may have
bunkered hinself so he gets that view. This applies
to all 20 or so people on the range at any one tine
and they will each nove at their own pace through the
gol f course experience without interfering with each
other, in any weather and at any tine of day.

2. Hang diding. It is conceivable that a conplete
novice can be initiated into the techniques of hang
gliding by nounting the hang gliding rig on (or
rather hanging it from a hydraulic notion base
whilst the person under instruction tries to fly
through an artificial air space which is visually
presented on a screen in front of him The notions

of the simulator will respond to air turbul ence and
the like, as appropriate to his attenpts to fly the
hang gli der. The trainee can also be taught how to

respond to difficult situations wthout putting him
in real danger.

3. Skiing. A trainee Skier nmay be placed on a ski slope
belt which is itself nounted on a hydraulic nbtion
base. The skier's view is that of a television
proj ection of an appropri ate skiing cour se.
According to his skill the difficulty of the course
may be increased and it would even be possible to
provide sone automatic and entirely objective
measurenment of his skiing expertise as his skil
devel ops.
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Any other interactive and skilful |eisure occupation can be
si mul at ed.

Medi cal Applications

Simul ators have a strong relevance to the nedical treatnent of

phobias of all types. Phobi as consist of an irrational and
uncontrol |l able enotional response to a particular set of
envi ronnmental circunst ances. Because these circunstances may

be sinmulated and the degree of strength of the simulation nmay
be varied, it is possible to |ead the phobic person into their
irrational situation step by step and in the case of energency
to nove instantly from sinmulation back to reality. Thi s
"trains' the phobic person to experience that which is nost
feared and restores the nmental bal ance.
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The com ng revol ution

My conpany is founded on the conviction that sinulators as you
see them today are but the nerest hint of a rapid and
extraordinary developnent in the interface between conputers
and human bei ngs. Computers will be used to nmanufacture in
simul ati on an extensive variety of sensations, of inputs to the
human sensory system coordinated to represent a range of
alternative realities, of fantasy worlds, with which the human
being may interact. Simul ation, professionally applied to the
consuner market is a powerful attraction to the general public
of all ages because it fulfils the fundanental conpulsion to
extend human experience.

Phillip Denne. Cctober 1989.
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